Urban green spaces (UGS) have been linked with a series of benefits for the environment, and for the physical health and well-being of urban residents. This is of great importance in the context of the aging of modern societies. However, UGS have different forms and characteristics that can determine their utilization. Common elements in UGS such as the type of vegetation and the type of surface are surprisingly understudied in regard to their relationship with the type of activity undertaken in UGS. This paper aims to explore the relationship between landscape diversity and the type of surface with the time spent and the physical activity intensity performed by seniors. To do so, this study uses GPS tracking data in combination with accelerometer data gathered from 63 seniors residing in Barcelona, Spain. Results showed that senior participants spent little time inside the analyzed UGS and sedentary behaviors (SBs) were more common than physical activities (PAs). The presence of pavement surfaces positively influenced the total time spent in UGS while gravel surfaces were negatively associated with time spent in active behaviors. The provision of well-defined and maintained paved areas and paths are some key infrastructures to be considered when designing UGS for overall urban residents and, especially, when aiming to potentiate the access for senior visitors.
Materials and Methods

Study Area
Barcelona is a Spanish Mediterranean coastal city located in the northeast of the Iberian Peninsula (41 • 23'02", N 02 • 07'59" E). With an area of 102.16 km 2 , Barcelona lies between the confluence of the Llobregat and Besòs rivers to the southwest and northeast, respectively, and to the east of Collserola Natural Park [42, 43] .
The city contains 1135 ha of UGS in the form of parks and gardens, which equals to 7.1 m 2 of green space per inhabitant [44] . This is a small area per person compared to other European cities with areas reaching 300 m 2 per inhabitant in some cases, especially in the north of Europe [45] . These low levels of green space provision contrast with relatively high levels of greenness in squares and streets. In 2011, Barcelona had a ratio of street trees of 98.36 per 1000 inhabitants [46] , surpassing the ratios in many Europe cities with the a ratio of street trees varying between 50 and 80 trees per 1000 inhabitants [47] . Of the vegetation present in UGS, 22 .6% is indigenous, with a predominance of Quercus ilex, Pinus halapensis and Platanus × acerifolia, which account for 49% of urban trees in the city [42] .
Participants and Study Design
A total of 269 participants were recruited from different senior centers between June 2016 and June 2017. All of Barcelona's senior centers, both public (n = 21) and charity-run (n = 15), were contacted, from which nearly half acceded to participate (n = 14). The sample of senior centers was balanced between those located in high-and low-income neighborhoods. After explaining the conditions of the participation in each of the centers, an equitable participation of individuals in terms of gender was intended (153 females vs. 116 males). Participants were given an informative document about the project and they were asked to sign an informed consent form before being provided with an accelerometer that had to be worn on the wrist together with carrying a GPS logger for 7 consecutive days. The devices recorded their daily routes, locations, and PA levels, and were returned after 7 days. Participants were also asked to fill out a questionnaire about their sociodemographic profile, daily mobility, and PA habits together with their perceptions of their neighborhood. From the 269 initial participants we excluded 147 that lived outside the city boundaries and only retained the participants that had visited at least one UGS during the duration of the study (n = 63). For the purpose of this study, tracking and PA data provided by GPS devices and accelerometers were combined with publicly-available GIS data from Barcelona's City Council to extract the use of UGS in Barcelona by senior residents. The study received the Autonomous University of Barcelona (UAB) institutional review board approval (CEEAH-3656).
Data Sources and Measurement
GIS Data
We used the Land Use Map of Barcelona [48] to extract all the polygons categorized as Parks and Gardens (see Figure 1 ). Those polygons that were less than 10 meters away from each other were merged. Only areas that were accessible within the city's urban continuum and were over one hectare in size were selected for this study. While there is no general agreement on a critical size threshold of UGS for specific health benefits [2], the selected threshold of one hectare fits within the threshold of international and national health recommendations (between 0.5 and 2 HA) [49, 50] . All UGS meeting these criteria were visited to account for any differences between urban planning and the built reality. After the merging process 122 UGS were obtained. The space inside these 122 UGS was divided and classified according to vegetation and surface type (See Figure 2 ). Vegetation diversity was identified by classifying areas within UGS as mostly provided with forest, shrubland, or grassland, while the different surface types in these UGS were divided into pavement, mix surfaces, or gravel soils. Water elements were also identified and classified. The field validations of the GIS data were performed by 8 field work technicians between April and May 2017. Finally, we filtered out all the UGS having no GPS tracking points from participants and kept the UGS that had attracted at least one visit. As can be seen in Table 1 , within the final sample of 122 visited UGS, forest was the most represented vegetation type with 47.2% of the total area, followed by pavement with 16.4%, and mix surfaces with 14%. Shrubland and grassland were 6.7 and 6.8, respectively, with water (4.4%) and gravel (4.3%) being less abundant. The space inside these 122 UGS was divided and classified according to vegetation and surface type (See Figure 2 ). Vegetation diversity was identified by classifying areas within UGS as mostly provided with forest, shrubland, or grassland, while the different surface types in these UGS were divided into pavement, mix surfaces, or gravel soils. Water elements were also identified and classified. The field validations of the GIS data were performed by 8 field work technicians between April and May 2017. Finally, we filtered out all the UGS having no GPS tracking points from participants and kept the UGS that had attracted at least one visit. As can be seen in Table 1 , within the final sample of 122 visited UGS, forest was the most represented vegetation type with 47.2% of the total area, followed by pavement with 16.4%, and mix surfaces with 14%. Shrubland and grassland were 6.7 and 6.8, respectively, with water (4.4%) and gravel (4.3%) being less abundant. The collected GPS tracking data reflected the position of participants in 15-second intervals based on a dynamic median accuracy of 2.9 m [52] thanks to the use of Qstarz Q-1000XT GPS loggers (Qstarz International Co., Ltd.,Taiwan, R.O.C.). Accelerometer data were collected using an ActiGraph GT3X (ActiGraph LLC, Pensacola, Florida USA) and its devices and for the present study were classified into two PA intensity categories: sedentary and active. Following Esliger et al. [53] , a threshold of <216 vector magnitude (VM) counts per minute was used to define sedentary time and 
GPS Tracking and Accelerometer Data
The collected GPS tracking data reflected the position of participants in 15-second intervals based on a dynamic median accuracy of 2.9 m [52] thanks to the use of Qstarz Q-1000XT GPS loggers (Qstarz International Co., Ltd.,Taiwan, R.O.C.). Accelerometer data were collected using an ActiGraph GT3X (ActiGraph LLC, Pensacola, Florida USA) and its devices and for the present study were classified into two PA intensity categories: sedentary and active. Following Esliger et al. [53] , a threshold of <216 vector magnitude (VM) counts per minute was used to define sedentary time and a threshold of 216 VM counts and more was classified as 'active'. GPS and accelerometry data were merged using PALMS software [54] to couple spatial, temporal, and PA-related information.
Measurement of the Use of UGS
An initial dataset with 5,423,327 GPS points was compiled by sampled participants during the data collection process. This number was reduced to 33,260 by eliminating all those points outside a UGS (see Figure 3 ). The dataset was reduced to 14,323 points after selecting the points of those participants who visited a UGS for at least 3 consecutive minutes [55] . Finally, since the devices were not waterproof, points registered in water areas have been removed from the database to avoid GPS accuracy errors. Thus, the final dataset contained 14,227 tracking points, which represented 290 visits by 63 users to 61 different UGS. a threshold of 216 VM counts and more was classified as 'active'. GPS and accelerometry data were merged using PALMS software [54] to couple spatial, temporal, and PA-related information.
An initial dataset with 5,423,327 GPS points was compiled by sampled participants during the data collection process. This number was reduced to 33,260 by eliminating all those points outside a UGS (see Figure 3 ). The dataset was reduced to 14,323 points after selecting the points of those participants who visited a UGS for at least 3 consecutive minutes [55] . Finally, since the devices were not waterproof, points registered in water areas have been removed from the database to avoid GPS accuracy errors. Thus, the final dataset contained 14,227 tracking points, which represented 290 visits by 63 users to 61 different UGS. 
Sample
There were more male participants (55.6%) than female participants, and the share of participants between 65 and 75 years of age (54%) was higher than the older than 75 years of age (mean age of 81.1 years). Regarding health-related indicators, the number of participants perceiving their health as good (76.2%) prevails, and regarding their Body Mass Index (BMI), obese participants (76.2%) outnumbered those with a BMI <30. BMI was calculated using self-reported height and weight, and considering BMI's over 30 as obese [56] . All participants were senior center (i.e., old-age community center) members.
Data Analysis
In order to analyze the use of the different UGS, the chosen outcome variables, for each participant, were total time spent in each UGS, time spent in sedentary behavior, and time spent in active behavior. Descriptive statistics display the different time expenditures by individual characteristics of participants and the characteristics of the analyzed UGS, as well as the use of different areas by both 
Sample
Data Analysis
In order to analyze the use of the different UGS, the chosen outcome variables, for each participant, were total time spent in each UGS, time spent in sedentary behavior, and time spent in active behavior. Descriptive statistics display the different time expenditures by individual characteristics of participants and the characteristics of the analyzed UGS, as well as the use of different areas by both type of vegetation and surface within UGS by time and intensity. Due to the non-normal distribution of the sampled outcomes, the median was used in the descriptive statistics. Finally, a mixed-effects multilevel regression analysis for the 290 visits was used to test the association between log-transformed outcome variables and the explanatory variables which were grouped into socioeconomic personal variables and variables on the characteristics of UGS. The fixed effect analysis of these two models is aimed at measuring differences in each outcome variable between individuals after controlling for the independent explanatory variables at the individual level. The random effect explores the variation of the outcomes corresponding to the different profile and UGS-related factors at the level of UGS visit.
Results
Participants spent a median of 8.5 minutes within the perimeter of the analyzed UGS (Table 2) , and they spent a median of 6.5 minutes on sedentary behaviors (SBs) and only a median of 3.5 minutes on physical activities (PAs). Significant differences were found in the total time spent in the analyzed UGS between individuals with different BMI thresholds. Obese participants spent significantly less total time in UGS (8.0 median min; p = 0.02) and registered the shortest time on sedentary behaviors (5.3 median min; p = 0.022) than those with BMI < 30 (10.5 and 7.8 median min; p = 0.020 and p = 0.022 respectively). Regarding time on PAs, participants under 75 years of age registered significantly more time being active than older participants (3.9 and 2.0 median min. respectively; p = 0.003). Finally, significant differences were detected also regarding the distance from home when conducting physical activity in UGS, those participants who stood out were residing 301-600 meters away from the analyzed UGS (7.5 median min; p = 0.02). Table 3 summarizes time spent in each type of vegetated area and type of surface for all types of activities and by intensity. The results show a relationship between the area type and the time spent in the area. Forest was the most frequently found area type (29,046 m 2 , representing 47.2% of total UGS surface) being in turn the area were participants spent most of their total time (41.4%), their sedentary time (38%), and their active time (41%). A remarkable difference has also been detected in the case of pavement and mix surfaces. Participants spent higher shares of their total time (22.9% for pavement and 13.6% for mix surfaces), their sedentary time (24.5% and 14.2% respectively), and their active time (22.2% and 14.9%, respectively) than the shares these categories represent (16.4% for pavement and 4.3% for mix surfaces). This fact occurs also for shrubland areas although in a less pronounced way (6.8%, 9.4%, 9.8%, and 8.5%, respectively). On the other hand, total time and both sedentary and active time registered in forest, grassland, and gravel were lower than the share of land devoted to these areas. Table 4 shows the multilevel regression analysis that explores the effect of both individual and UGS characteristics on total time, sedentary time and physically active time. This regression analysis shows how a share of variation in the different outcome variables (total, sedentary and active time) is attributable to differences between participants (intraclass coefficients of 6.03%, 18.73%, and 25.31%, respectively) and the proportion corresponding to the different explanatory factors explored at the individual level (19.16%, 8.34%, 52.21%, respectively). Overall, the chosen UGS factors can explain a small share of the total variance of the total time (1.36%) and sedentary time (1.70%), but a higher share in the case of active time (7.35%). Variation in UGS factors among participants was only found to be significant for sedentary behavior. In relation to the variables affecting total time in UGS, only the proportion of pavement (B = 0.003) showed a significant effect on the total time spent in the analyzed UGS, indicating that the higher the proportion of this surface, the more time that is spent there by participants. Second, regarding sedentary time, age (B = 0.012) was the only significant factor explaining time spent at this intensity within UGS, showing that time spent sedentary increased with age. Third, age (B = −0.017), BMI (B = −0.042), and gravel (B = −0.019) showed a significant negative association with active time, while distance from home showed a positive association (B = 0.000). As age, BMI, and the distance between UGS and the residence of participants increased, less time was dedicated to physical activities. Finally, the perceived health of participants, the total area of UGS, the proportion of forest, grassland, mix surfaces, and water were characteristics that did not show a significant influence on any of the outcomes.
Discussion
This study explored the relationship between the provision of different vegetation types and walkable surfaces available and the type of activities performed and time spent in UGS by a group of seniors residing in Barcelona, Spain. Overall, this study has shown that senior participants spent short periods of time (a median of 8.5 minutes per visit) inside the analyzed UGS and they predominantly engaged in sedentary behavior during their visit. Moreover, areas designated as forest were where participants spent the majority of their total time but also sedentary time and active time, while pavement was the most used surface type for total time spent.
Focusing on the characteristics of the analyzed UGS, the importance of walkable surfaces can be highlighted. On the one hand, pavement was associated with spending more time in the park. On the other hand, a higher proportion of gravel was associated with registering less active time by senior participants. Likewise, paths that are easy to walk along and without obstacles encourage outdoor activities among seniors and register the highest physical activity levels within UGS [25, 33] . The importance of hard soils is more acceptable among senior users over another type of soil or environment with respect to the total time. Moreover, the significant effect of distance from home, also supported by previous authors [35, 57, 58] , shows that shorter distances were associated with higher PA levels.
The influence of different types of vegetation proved to be a non-significant factor for total, sedentary, and active time spent, which has also been found in some other studies [20, 59] . Areas with higher proportions of forest, shrubland, and grassland corresponded with a similar sharing of time registered in these UGS in the descriptive statistics. The effects of the remaining analyzed explanatory factors overshadowed the influence of landscape diversity on the behavior of participants in UGS. The fact that the type of vegetation had no significant influence on the different outcomes does not mean it is not relevant. The type of vegetation could have been a decisive factor in the decision to visit specific UGS but did not encourage staying longer or increasing PA levels for senior visitors. Moreover, the size of the UGS was not significant when analyzed together with other explanatory factors, as it has also been seen in other studies [38] .
Finally, the small amount of time registered in UGS might be explained by the age of the participants. Previous studies reported that seniors spent less time in UGS compared to other population groups, as most of the parks are geared towards serving youths or do not provide proximate, accessible, and safe spaces with well-maintained walking infrastructures [60] . Besides promenading or practicing sports, one of the main reasons for using UGS is spending time with friends [61, 62] . The fact that 45.9% of the older population in Barcelona live alone [63] could be explained by the possible non-collective nature of walks registered by participants. Second, the predominance of sedentary behavior among senior participants has been confirmed by similar studies, corroborating seniors' preferences for sitting on benches as the main reason for their sedentary behavior [55, 64, 65] . The links between age and sedentary behavior has also been confirmed [66] with age being a significant factor for both sedentary behavior and physical activity. In the present study, the increasing age of participants was associated with more sedentary time while younger participants registered significantly more time being physically active, as noted in similar previous studies [65, 67] . Finally, another relevant observation in this study was that participants with a higher BMI spent less time being active, which is also in line with previous studies relating BMI with the use of the parks [68] [69] [70] .
Limitations
This study is not without limitations. First, participants may have had a different walking behavior than usual as a result of being involved in this study. Likewise, another limitation is the fact that participants wore the accelerometer devices on their wrists, which means that certain activities might not have been registered because of the lack of movement by the arms. The analysis in this study might have been biased with participants engaging in this study presenting a better health condition than the average senior population. Correspondingly, the selection of participating senior centers was randomly selected and did not follow any pre-established sampling scheme. Additionally, other infrastructures of UGS that are important for seniors such as banks, drinking fountains, or toilets were not considered for this study. Future research should consider the influence of these elements, as well as the effect of the quality of the available infrastructure and the diversity of natural species on seniors' behavior. The inclusion of motivations and preferences of seniors for using UGS should also be included in future studies.
Conclusions
This study aimed to investigate the impact of different types of vegetation and walkable surfaces in urban green spaces (UGS) on the utilization and intensity of activities performed by seniors. The importance of paved surfaces within UGS among seniors as was determined in this research adds to the debate around the unclear definition of green spaces, which might vary depending on the ecological conditions, the inherited built environment, or the political priorities, among others, of a particular urban context.
Based on the findings of this study, the surface type acquires paramount importance, especially when it comes to encouraging walking among seniors. Paved surfaces have proven to be crucial for spending more time in UGS while soft surfaces have shown to discourage physical activity. This study also showed that, when designing and planning UGS, not only are the quality and quantity of facilities in UGS important to improve the experience of visitors, but being cogniscient of the different profiles of potential users is also important. The predominance of sedentary behavior undertaken by this specific population group highlights the importance of considering the age of potential users when designing environments with the aim to be inclusive and accessible for everyone. Therefore, the provision of infrastructure in UGS should be oriented towards encouraging both sedentary behavior and physical activity in order to incentivize the improvement of both the physical and the mental health of their visitors.
Moreover, the important role of paved surfaces that was determined in this study can be useful for city planners when it comes to designing UGS adapted to senior population-which is of high relevance in a worldwide demographic context of aging of the population-both to attract more users and to incentivize them to stay for longer periods of time.
